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. This negatively affected the purchasing power of households and led to adjustments in the distribution of their expenditure. Food prices are likely to continue to rise even beyond the peak levels of 2008 as a result of climate change that will increase the uncertainty and instability of agricultural production; an increase in demand due to use of biofuel; and the anticipated rise in input cost related to energy scarcity (Blein and Longo 2009; FAO and OECD 2011) .
According to the OECD and FAO, all food prices will increase above average in 2020 compared to the previous decade. The prices of rice and maize, for example, will increase by 15 per cent and 20 per cent respectively compared to the average of the last decade. However, rising agricultural prices can also be an opportunity for farming households. Most of the poor households in developing countries live in rural areas. They are producers and sellers of food commodities and can be gainers from rising prices (De Janvry and Sadoulet 2008) . So, there is a need to assess the impact of rising food prices on households' welfare in developing countries.
In microeconomic theory, the impact of price changes on consumer welfare is generally analysed in two ways: compensating variation methodology and the consumer surplus framework. The analysis of the impact of a change in food prices on household welfare, using compensating variation, was introduced by Deaton (1989) and this approach is most often used in the literature (Deaton 1989 (Deaton , 1997 Friedman and Levinsohn 2002; Niimi 2005; Ackah and Appleton 2007) . The basis of this approach is that, when a change in price occurs, there is a certain amount of money that the consumer can accept or requires, to compensate for this price change. Under the consumer surplus framework, the effect of a change in prices on household welfare can be estimated by the resulting change in the consumer's surplus (Ferreira et al. 2011) . For these two approaches, the Hicksian compensating variation can be used. However, as noted by Turnovsky et al. (1980) , consumers' surplus as a measure of economic welfare is not a subject of consensus in the empirical literature. Using the consumer surplus framework, Ferreira et al. (2011) estimated the household welfare consequences of the rise in food prices in 2008. The authors concluded that the overall impact of food price volatility in Brazil was U-shaped. Indeed, it was the middle-income group that suffered more welfare losses than the very poor.
While using the compensating variation framework, Bellemare et al. (2010) analysed the willingness to pay for price stabilization, and derived a measure of multivariate price risk aversion. The results suggested a distributional regressive benefit incidence from price stabilization policy in Ethiopia. Leyaro (2009) has shown that price increases negatively impacted consumers' welfare during the 1990s and 2000s. In particular, compared to the urban non-poor, the rural poor were mainly worse off. Similar results were obtained by Ackah and Appleton (2007) using the linear approximate of the Almost Ideal Demand System (AIDS) model for food demand functions in Ghana. Tafere et al. (2010) used a Quadratic Almost Ideal Demand System (QUAIDS) approach to examine the welfare impact of rising food prices on rural households in Ethiopia. They showed that in the long run, high food and agricultural prices benefited both net cereal sellers and buyers. However, very poor households with limited farm and non-farm incomes were adversely affected by high food prices. Also, in the long run, current net buyers could become net sellers if prices were stable and incentive enough for producers. Attanasio et al. (2013) also used a QUAIDS approach to analyse the welfare consequences of recent increases in food prices in rural Mexico. They showed that poor households were affected by increases in relative food prices. Barrett and Dorosh (1996) , using non-parametric density estimation and kernel-smoothing techniques, suggested that increases in the variance or mean of rice prices had significant negative effects on households' welfare in Madagascar. But this effect was high for farm households that were below the poverty line.
However, little is known about how households in Cameroon respond to food price changes and the welfare effects of such a situation. Previous studies used statistical methods to measure the effect of food price volatility on the purchasing power of households (Medou 2008; MINEPAT 2008) . They showed that food price volatility adversely affected the purchasing power of households and subsequently their nutritional status.
This paper goes further and analyses the impact of food price volatility on consumer welfare in Cameroon using data from the third Cameroonian household consumption survey. Since socioeconomic and demographic characteristics of households play an important role in determining their demand patterns, the demand model is estimated taking into account heterogeneity across households. We then estimate price elasticities using the QUAIDS model and, following the compensating variation framework, we use those elasticities to estimate the welfare effects of price volatility. The major components of food consumption are taken into account in the following four composite categories: cereals, roots and tubers, vegetables, and animal products. The paper is organized as follows: Section 2 outlines materials and methods, Section 3 presents the results and discussion, and Section 4 summarizes the main conclusions.
Materials and methods

Data
The data used in this study are from the 2007 Cameroonian Household Consumption Survey (ECAM III), carried out by the National Institute of Statistics (NIS) of Cameroon. This survey was conducted from May to July 2007 when 11,391 households were surveyed from 32 strata (12 urban, 10 semi-urban, and 10 rural), and four agro-ecological zones, namely rural forests, rural savannah, other towns, and rural high plateaus. Following the first round of the ECAM in 1996 and the second in 2001, the principal objectives of ECAM III were to upgrade the poverty profile and to provide living standard indicators, which are useful in evaluating the realization of the Millennium Development Goals' objectives through the implementation of the poverty reduction strategy paper in Cameroon.
As noted by NIS (2008) , this survey specifically aimed to: study all dimensions of poverty at both national and regional levels; establish correlations between different poverty aspects; analyse the effect of the macroeconomic policies of the last five years through the study of the change in poverty between 2001 and 2007; evaluate the demand for education and identify its determinants; and provide a useful database in order to update official statistics.
The survey was nationally representative and recorded data with variables on: household expenditure, consumption, and income; household demographics; economic activities; and other useful variables for welfare analysis. The sampling design for household interviews was carried out in two stages. First, the primary sampling units (PSUs) or clusters, either in urban or rural areas, were selected all over the country. Second, a sample of households was randomly selected from each of the selected PSUs.
Due to data limitation, and excluding households who do not consume the commodities retained in this study, we use a sample of 2,665 households from ECAM III. Unfortunately, it was not possible to find data on food production for this sample since ECAM mainly focused on consumption information, thus this study only focused on consumers.
Food groups
To deal with the large number of goods involved and to facilitate the empirical analysis, we aggregated the major components of food consumption into four groups: cereals, roots and tubers, animal products, and vegetables. The grouping of the food products was carried out according to the nomenclature adopted by NIS. Additionally, we assumed separability of preferences as is usual in the literature (Béké 2013) . Under this assumption, the preference within a given food group is independent of the choices in the other groups. The separability of preference also implies independence between the choice of foodstuffs and non-food items. Then, the allocation of total expenditure is sequential in three stages as presented in Figure 1 . 
Welfare impact of changing prices
The effect of food price volatility on consumer welfare is evaluated using the compensating variation (CV) concept as is usual in the literature (Minot and Goletti 2000; Leyaro 2009; Tafere et al. 2010; Badolo and Traore 2012) . Price volatility is taken into account by the induced change in price.
As stated earlier, compensating variation can be defined as the amount of money required to compensate a household for a change in prices and to restore the pre-change utility level (Tafere et al. 2010; Badolo and Traore 2012) .
The CV can be expressed using the expenditure function as follows :
Where (.) e is the expenditure/cost function, p is the price vector, 1 p and 0 p are respectively prices after and before the price change, and u is the utility.
Using second-order Taylor-series expansion and Shephard's lemma on Equation (1), the effect of price changes on consumers is obtained as follows (Badolo and 
Where
is the consumption ratio defined as the proportion of the budget affected to the product consumption relative to the household income or total expenditure. i p , i q , 0 x and d ε are respectively the price, the quantity demanded, the original income, and the own-price elasticity for a given product.
On the other hand, it is possible to derive the short-run (immediate) impact of a changing price by assuming zero elasticities as follow:
Δ is the first-order approximation of the net welfare effect of a changing price.
There is one major issue in such an analysis; notably the use of appropriate price elasticities, since price elasticities are needed to calculate the compensating variation after demand adjustments (Ackah and Appleton 2007; Pons 2011; Attanasio et al. 2013 ). To overcome this point, we estimated an entire demand system for all commodity groups in consideration as discussed in the following sub-section.
2.4
The demand model
In the literature, the most commonly used method in demand analysis in the last two decades is the Deaton and Muellbauer (1980) AIDS model. Indeed the AIDS model has a number of desirable demand properties such as allowing testing for symmetry and homogeneity through linear restriction among others. However, more recently (Banks et al. 1997 ) generalized the AIDS model by demonstrating that the appropriate form for some consumer preferences is of a quadratic nature contrary to the linear form in the basic AIDS. In addition, the QUAIDS model maintains the theory consistency and the desirable demand properties of the AIDS model.
Formally, the share equations in the (Banks et al. 1997 ) QUAIDS model are:
Where i w is a household's expenditure share for commodity i, defined as Adding-up:
Homogeneity:
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The QUAIDS model in this study was carried out accounting for socio-demographic effects. Indeed, demographic factors can affect household behaviour in terms of demand and allocation of expenditure among goods Wales 1981, 1992; Tafere et al. 2010; Olorunfemi 2013 ). Ray's (1983) 'demographic scaling' method was then used to take into account demographics in this study as in Poi (2012) . In this approach, the effects of a change on the demographics are closed to the effects of a change in prices (Pollak and Wales 1992) .
Considering z as a vector of s household characteristics z is a scalar representing the household size in the simplest case. Let ( Where ρ is a vector of parameters to be estimated.
The expenditure share expenditure equation takes the following form: The uncompensated price elasticity for the commodity group i with respect to changes in the price of commodity good j is:
The expenditure (income) elasticity for the good or commodity group i is :
The compensated price elasticities are derived from the Slutsky equation: α are the parameters to be estimated. Two demographic variables were finally used in this study, namely area (urban and rural), and household size.
The parameters are estimated by iterated feasible generalized nonl-inear least squares which are equivalent to the multivariate normal maximum likelihood estimator for this class of problem via Stata's 'nlsur' command as suggested by Poi (2012) .
After the presentation of the demand model, it is worth discussing at least two major data issues, namely the price measure and the treatment of outliers and missing values.
Data problems
Price measure: Unit value
In demand analysis using microeconomic data, when the survey process is not accompanied by a questionnaire on prices as is usual for developing countries, there are two main sources for price data collection for cross-section analysis: regional price data and household price data (Deaton 1997) . Regional data, when available from the statistical office, can be used for constructing consumer price indexes. However, the main problem with such an approach is that there are few sites where price data can be collected. This can cause inaccurate estimates of prices for some households.
On the other hand, household responses usually provide useful information on price data. Then, the ratio of the household total expenditure divided by the total quantity purchased for each good gives a measurement of price or, more accurately, of unit value. The unit value for a purchase can be seen as the highest acceptable price and thus, a 'subjective price' (Pons 2011 ). However, this may be problematic, since unit values are not the same as prices, as unit values reflect both quality and price variations 1 (Cox and Wohlgenant 1986; Deaton 1988 Deaton , 1997 . Therefore, a correction was needed, in order to take into account both quality effects and measurement errors when using unit values as proxy of prices. The Deaton (1988) method was widely used in the literature for the linear demand system. However, this method cannot be used in the case of QUAIDS due to non-linearity (Attanasio et al. 2013 ). In addition, the assumptions on which this approach is based are strongly rejected by McKelvey (2011) . For these reasons, this paper uses the same method as Attanasio et al. (2013) , for lack of better alternatives. The median unit value for each cluster is used as a measure of the price of a given good for each locality.
The treatment of outliers and missing values
When outliers are detected, they have been replaced by the cluster median (obtained in the presence of these values) or the regional median, when the cluster median is null for the product group under consideration, since it can be too costly to drop such observations. In the case where data on expenditure, or quantity, or both are missing for some households, the cluster median 8 value, or regional median when the cluster median is null for the product group considered, replaces the missing unit value. Results and discussions
Description of variables
An understanding of the differences in households' food expenditure patterns accross regions and income groups is important to design effective food price policies. In order to look at expenditure patterns for food demand in Cameroon, this sub-section describes statistics for food expenditure, prices, and expenditure shares by area and poverty status. Table 1 shows that, on average, the highest food expenditure is for roots and tubers. Table 1 reports also that in rural areas, expenditure on cereals is higher than in urban areas. This can be explained by the fact that cereals are consumed more in rural areas. In the same line, animal products expenditure is higher for non-poor households than for poor households. 2 On average, food prices are higher in urban regions than in rural ones (Table 2 ). This can be explained by the fact that agricultural production mostly takes place in rural areas that provide urban areas with food products.
2 A poor household is defined by the NIS as a household in which the average per adult equivalent consumption does not exceed 269,443 FCFA per year at Yaoundé prices (about 738 CFA per day equivalent to US$1.5082). This poverty threshold was obtained using adult equivalent consumption as a measure of welfare. Indeed, this measure compared to the total consumption of households and the per capita consumption has the advantage of taking into account both the size and composition of the household. Table 3 shows that on average, roots and tubers constitute the largest share of households' total food budget. Poor households spend their food budget more on cereals than on animal products while non-poor households spend rather more on animal products than on cereals. This reflects the fact that maize and rice are staples for most poor households while fish and meat are considered as luxury goods. 
Demand elasticities
The expenditure elasticities (Table 4) show that, cereals, roots and tubers, and vegetables are normal goods, with elasticities between 0 and 1. Only animal products are luxury goods, with an expenditure elasticity higher than 1. Similar results were found by Béké (2013) for Côte d'Ivoire. An increase of 1 per cent in income leads to an increase of 1.19 per cent in the demand for animal products, 0.99 per cent for roots and tubers, 0.71 per cent for fruits and vegetables, and of 0.92 per cent for cereals. Animal products seem therefore to have a more important place in the diet of Cameroonian households. However, the demand for fruit and vegetables is less sensitive to income changes. Table 5 gives estimates by area of the Hicksian elasticities which contain only price effects, contrary to the Marshallian elasticities which contain both income and price effects (Table A1 ). All ownprice elasticities (see the diagonal of the matrix in bold) for each commodity group considered, satisfied the negativity property. This is consistent with demand theory and suggests that the relationship between changes in own-price indexes and quantities demanded is inverse. The ownprice elasticities suggest inelastic demand for all commodity groups analysed (elasticity absolutely < 1). Except for vegetable and animal products in rural areas, the remaining commodity groups carry positive signs for cross-price elasticity as expected for substitutable product. Cereals, and roots and tubers are identified as substitutes by households. 
Estimated impact of rising food prices on consumer welfare
Empirically, the CV can be seen here as a measure of the total transfer required for compensating households for a change in prices, as a percentage of their initial total food expenditure. The CV is disaggregating by area and poverty status in order to illustrate which groups of households are the most vulnerable to a price change. We utilize the estimated Hicksian elasticities to implement the CV as is usual in the literature (Ackah and Appleton 2007) .
Following the CV framework, Equations (2) and (3) are used to estimate the impact of changing food prices on consumer welfare. We simulate the welfare impact of the increase in each commodity group by 10 per cent and 40 per cent in both the short and long run. Indeed, the analysis of food prices variation shows that on average in 2008, food prices have increased in the range of 10 per cent for fruit and vegetables and 40 per cent for cereals including imported ones such rice and maize (Medou 2008) .
Tables 6 to 9 present long-run and short-run welfare effects of food price increases. One should note that in the short run, households cannot respond to price changes and thus, price elasticities are equal to zero. Source: Authors' computation from ECAM III. Source: Authors' computation from ECAM III. Results show that, on average, for each group of households there is a welfare loss due to the increase in food prices. However results reveal some heterogeneity in the welfare impact of food price volatility. Poor households in both urban and rural areas are the most affected as suggested in the literature (Ackah and Appleton 2007; Badolo and Traore 2012; Attanasio et al. 2013 ). For example, on average, poor households need to be reimbursed by about 15.68 per cent of their expenditure as the result of a 40 per cent change in the price of roots and tubers. We observe also that the highest welfare losses are due to increases in the price of roots and tubers. This is as expected since households spend more of their food budget on those commodities.
Poor urban households are more affected by an increase in cereal and vegetable prices than poor rural ones. This can be explained by the fact that in rural areas, poor households can produce some 13 of the agricultural products they consume while poor urban households may not. On the other hand, it is the welfare of poor rural households that is most reduced due to an increase in the price of roots and tubers. Similar results were found by Leyaro (2009) and Ackah and Appleton (2007) , whereas an increase in the price of animal products mostly affects the non-poor households in urban areas. This is in line with the fact that those households spend more of their total food budget on animal products.
The tables in this paper also show that the welfare effect of food price increases depends on the extent of the increases. Thus, there is an expected positive relationship between price increases and households' welfare losses. They also show that the welfare effect in the long run is greater than in the short run.
Conclusion
This paper estimates the welfare impact of food price volatility in Cameroon. Using the QUAIDS model, we calculated expenditure, own-price and cross-price demand elasticities for the four main components of food consumption of most Cameroonian households. The results showed that demand for food commodities in Cameroon is price sensitive. In addition, poor households are, on average, the most affected by any hike in prices. However, welfare losses resulting from food price volatility is heterogeneous.
These results are important since it will be difficult to design efficient food policies without a thorough understanding of how different types of households in different areas are affected by changes in food prices and how sensitive they are. Having such information, policy makers will be able to implement more specific and efficient policies to fight against hunger and poverty in developing countries such as Cameroon. Nevertheless, even though such studies are important for developing countries, data constraints remain a major problem. For future research, it could be interesting to investigate how households are affected by changes in food prices using information on both producers and consumers. 
